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Abstract
Per oral endoscopic myotomy (POEM) represents a natural oriﬁce endoscopic surgical technique for ‘scarless’ Heller
myotomy for the treatment of achalasia. It utilizes a submucosal tunnel approach that offsets the mucosal and muscle
incisions and thus allows secure closure with a few clips on the mucosotomy site. The ﬁrst POEM procedure was performed
in Japan by Haruhiro Inoue in 2008. Since then POEM has steadily grown to several hundred procedures worldwide at this
point. Published data are limited but demonstrate high efﬁcacy and low complication rates at expert centers pioneering this
procedure. POEM techniques are reviewed, along with tips and tricks, in the submitted video. It should be emphasized that
POEM is a challenging endoscopic surgical procedure that requires advanced endoscopic resectional skills, particularly
endoscopic submucosal dissection skills. There is unanimity among current operators that POEM should be performed
under institutional review board approval and after appropriate laboratory training and proctoring of the initial human
POEM case(s). There is very strong consensus in favor of rigorous external accreditation and monitoring of outcomes to
ensure competence and safety. This article is part of an expert video encyclopedia.
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Video Related to this Article
Materials
• 6-mm Channel gastroscope (‘clot sucker’ scope): GIF
XTQ160; Olympus, Center Valley, PA, US.
• Gastroscope: GIF H180J; Olympus, Center Valley, PA, US.
• Electrosurgical high-frequency generator: VIO 300D
(product no. 10140-100); ERBE Elektromedizin GmbH,
Marietta, GA, US.
• ERBEJet2 (product no. 10150-000); ERBE Elektromedizin
GmbH, Marietta, GA, US.
• ERBEJet2 pump cartridge (product no. 20150-300); ERBE
Elektromedizin GmbH, Marietta, GA, US.
• Triangle tip (TT) knife (model no. KD640L); Olympus,
Center Valley, PA, US.
• Transparent 4-mm distal attachment (model no. D201-
11804); Olympus, Center Valley, PA, US.
• Hybrid knife (HK) T type (Product no. 20150-260); ERBE
Elektromedizin GmbH, Marietta, GA, US.
• Controlled radial expansion balloon dilator (5.5 cm,
10–11–12 mm); Boston Scientiﬁc, Natick, MA, US.
• Injector force Max 4 mm, 23-gauge injection needle
(model no. NM4004-0423); Olympus, Center Valley, PA,
US.
• Resolution clip; Boston Scientiﬁc, Natick, MA, US.
• Coagrasper: 5 mm (model no. FD-410LR); Olympus,
Center Valley, PA, US.
• Insufﬂation needle: Ultra Veress 120 mm (model no. ETH-
UV120); Ethicon, Bridgewater, NJ, US.
• Submucosal injection: Saline stained with methylene blue
or indigo carmine.
Background and Endoscopic Procedures
Standard treatments for achalasia include botulinum toxin
injection, endoscopic balloon dilation, and laparoscopic
Heller’s myotomy (LHM). LHM appears to offer the most
durable results1 and has become a ﬁrst-line approach in the
US. LHM is much more invasive than endoscopic treatments,
however. Therefore, an endoscopic technique that achieves
lower esophageal sphincter (LES) myotomy without the
invasiveness of surgery would be welcome. In 2007,
Sumiyama reported a technique of transluminal access to the
mediastinum using a submucosal tunnel approach which
offsets the mucosotomy and myotomy sites and thus allows
rapid secure closure with clips placed at the mucosotomy site.2
This technique was utilized in a survival animal study
by Pasricha to perform LES myotomy, demonstrating short
procedure times and substantial decrease in LES pressures.3
Utilizing this submucosal tunnel approach, Inoue reported
the ﬁrst human endoscopic myotomy for achalasia in 2009.4
He coined the acronym POEM, which is now widely adopted.
The ﬁrst human POEM outside Japan was performed in 2009
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at Winthrop.5 The authors have now performed POEM in 48
patients, and data on 29 patients with adequate follow-up
were presented at Digestive Disease Week 2012.6 Their excellent
outcomes, with high efﬁcacy (only two failures) and absence
of adverse events in the 3-year-long series of 48 patients,
mirrors the experience of other POEM operators.7–11 It is
hoped that POEM will achieve results as durable as those of
LHM but with less invasiveness, similar to that of endoscopic
therapies. Based on the excellent initial safety and efﬁcacy data
of POEM and its minimal invasiveness, most POEM experts,
including surgeons with extensive LHM experience, believe
that POEM will replace LHM in the future.
Key Learning Points/Tips and Tricks
Balloon dilation technique for submucosal tunnel formation:
• This technique was used early in our experience. A video
demonstration is provided, because it may be useful for
Western operators without the extensive endoscopic sub-
mucosal dissection experience of Asian operators.
• It results in faster tunnel formation but requires care during
balloon insertion in the submucosa to avoid injury of the
mucosa or muscularis propria.
TT versus HK for submucosal tunnel formation and
myotomy:
• Two knives are currently used by all POEM operators: the
TT knife by Olympus introduced by Inoue, and the T-type
HK by ERBE, mainly used by the authors’ group and the
Shanghai group at present.
• Early in the authors’ experience the TT knife was used, but
over the past 29 cases, the HK has been used for submucosal
dissection and myotomy. The authors’ experience is in line
with the ﬁndings by Zhou, who conducted a prospective
randomized study of the HK versus the TT knife and found
shorter operative time, lower bleeding rate, and frequency of
usage of coagulation forceps with the HK.12
Maintaining proper orientation during tunnel formation
and muscle incision:
• Orienting the myotomy along the right wall of the
esophagus maintains distance from high-risk structures,
such as the aorta, avoids the greater curvature/angle of His,
and incises the clasp ﬁbers while preserving the sling ﬁbers,
which may achieve the best combination of dysphagia re-
lief and prevention of reﬂux.
• Tips for determining orientation are provided in Table 1.
• The associated video illustrates the technique for main-
taining orientation while in the submucosal tunnel by use
of a mark on an adhesive tape attached on the shaft of the
endoscope.
Conﬁrming extension of the submucosal tunnel beyond
the LES into the cardia:
• This is important to prevent inadequate myotomy, which
may fail to relieve dysphagia. Seven identiﬁers of the gas-
troesophageal junction/cardia are presented. Recognition of
multiple identiﬁers is important as the prominence of in-
dividual identiﬁers varies from patient to patient (Table 2).
POEM is a technique in evolution. The authors have per-
formed an International POEM Survey (IPOEMS) that col-
lected POEM-related data from 16 centers around the world,
with a collective volume of more than 800 POEMs (IPOEMS
unpublished data).13 Signiﬁcant technique variations were
noted. As practitioners move toward standardization, it
should be emphasized that there was unanimity among the
surveyed centers regarding the need for institutional review
board approval, preclinical laboratory training, and proctoring
on the ﬁrst human cases before initiating POEM at a center.
There was also near unanimity in recommending formal
center and operator accreditation for POEM and mandatory
reporting of severe adverse events. The strong agreement with
regard to these recommendations despite the disparate back-
grounds of the respondents (including both surgeons and
gastroenterologists from Asia, Europe, and North America)
underscores the fact that POEM is an invasive procedure that
requires appropriate training and preparation, and rigorous
accreditation and monitoring of outcomes to ensure safety
and efﬁcacy.
Complications and Risk Factors
Bleeding (usually self-limited) and pneumothorax/pneumo-
peritoneum are the complications most commonly reported.
Surprisingly, the authors have not seen reports of serious me-
diastinal sepsis to date. Regarding pneumothorax and pneu-
moperitoneum, it should be emphasized that a high incidence
and severity can occur with use of air, as noted by Ren et al.14 in
their early experience before instituting carbon dioxide (CO2)
insufﬂation. Use of air is strongly contraindicated. Positive
pressure ventilation and use of CO2 can minimize these risks.
Use of a Veress needle to decompress tense capnoperitoneum,
as demonstrated in the video, is also of great utility. With regard
to bleeding, POEM should be avoided in patients with coagu-
lopathy or at high risk of bleeding.
Table 1 Proper orientation within the esophageal lumen
• Imprints on the esophagus of recognizable extrinsic structures such
as the spine
• Pooling of instilled water along the posterior wall
• Ballottement of the anterior wall of the cardia using short jabs with
the ﬁngers of the endoscopist (in thin patients)
Table 2 Conﬁrmation of tunnel extension through the
gastroesophageal junction into the cardia
• Depth of insertion from incisors (centimeter marks on endoscope)
• Resistance to endoscope insertion at the level of the sphincter
• Wider submucosal space with large perforating vessels in the cardia
• Blue discoloration of the cardia mucosa seen on retroﬂexion (from
the blue dye used in the submucosal injectate)
• Palisading vessels at gastroesophageal junction (GEJ)
• Spindle-like veins in the submucosa and muscularis at the GEJ
• Bundle(s) of longitudinal muscle ﬁbers running in the submucosa
and inserting into the circular layer of the muscularis propria
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Scripted Voiceover
Time (min:sec) Voiceover text
00:00-00:37 Achalasia patients particularly those with a large
caliber esophagus or sigmoid esophagus have
large amounts of food debris despite adequate
preparation. Therefore, prior to per oral
endoscopic myotomy (POEM) we often start
the procedure with a gastroscope with a large
accessory channel 6 mm in size also known
as the ‘‘clot sucker scope’’ manufactured by
Olympus shown here.
00:38–01:04 POEM utilizes principles similar to endoscopic
submucosal dissection and therefore, a distal
clear cap attachment is used at the end of the
endoscope to assist with tissue dissection.
Dislodgement of the cap has been reported
within the POEM tunnel by other investigators. A
highly adhesive, water resistant tape is used to
ﬁrmly attach the cap at the end of the endoscope.
01:05–01:42 POEM requires high frequency electrosurgical
generators, such as the ERBE VIO 300 shown
here, which permits sophisticated adjustment
of current settings for dissection. Two
commonly used current settings with the
hybrid knife (also shown here in front of the
display) are shown on this short clip.
Endocut-Q current with the settings provided
here is used for dissection and a forced
coagulation current is used for coagulation of
vessels with the tip of the knife.
01:43–02:13 Here, we demonstrate the two main knives we
currently use for POEM. Initially, in our
experience, we use the TT knife and, currently,
the Hybrid T-type knife. The Hybrid knife
allows needleless injection of the submucosa
through a tiny port at its tip that is
approximately a tenth of a micrometer wide
and thus obviates the need for exchange
between needle injector and knife as is
required when using the triangular tip knife.
02:14–02:50 This short video demonstrates the operating
room set-up. The patient is placed in the supine
position. The general anesthesia machine and
anesthesiologist are at the head of the patient.
The main monitor is placed in the right upper
side of the patient. The endoscopist is located
at the left side of the patient and the assistant is
located to the left of the endoscopist. General
anesthesia with a paralytic agent is used and
carbon dioxide is used for insufﬂation.
02:51–03:35 Proper orientation within the esophageal lumen
is very important. By convention, the anterior-
most point of the esophagus is considered to
be the 12 o’clock position and the posterior-
most point, the 6 o’clock position. The
submucosal tunnel and myotomy are
generally performed in the 2 to 5 o’clock
positions in order to avoid vital posterior
structures such as the aorta and achieve
myotomy of the clasp ﬁbers of the lower
esophageal sphincter (LES) located along the
lesser curvature, while preserving the sling
ﬁbers located along the greater curvature, and
anterior and posterior walls, which preserves
the angle of His and may minimize reﬂux.
03:36–04:06 Proper orientation within the esophageal lumen
can be determined by using imprints of
recognizable extrinsic structures such as the
spine when visible, pooling of instilled water
along the posterior wall, and, in thin patients,
ballotment of the anterior wall of the cardia
using short jabs with the ﬁngers of the
endoscopist.
04:07–04:57 Here, we demonstrate the technique of water
pooling along the posterior wall of the
esophagus (following gravity) to mark the 6
o’clock position within the esophageal lumen.
To also ensure proper orientation of the
endoscope, once it is located in the
submucosal tunnel (where the pool of water
will not be visible), a mark is placed on the
shaft of the endoscope as shown here, that,
when facing upwards, marks the torque of the
endoscope that brings the 12 o’clock and 6
o’clock luminal positions to coincide with the
upper-most and lower-most parts of the
endoscopic image.
04:58–06:00 We will now demonstrate two techniques for
POEM. The ﬁrst technique we demonstrate
uses a dilation balloon for submucosal tunnel
initiation. Initially, in our experience, we used
a dilation balloon to complete the submucosal
tunnel, or later on, to initiate tunnel formation.
The balloon dilation method for submucosal
tunnel formation may be more accessible to
endoscopists with a more limited endoscopic
submucosal dissection (ESD) experience.
Care is required during blunt insertion of the
balloon to avoid muscularis propria or
mucosal injury. The second technique we
demonstrate is the technique that we currently
favor that does not utilize dilation balloons,
but instead utilizes the ERBEs Hybrid knife
for submucosal dissection and myotomy.
06:01–06:13 We start by demonstrating the balloon dilation
technique. Initially the esophagus is irrigated
with an antibiotic solution and cleared of
debris.
06:14–06:34 Then a submucosal injection is initiated at the
cardia in the 2 to 3 o’clock position. The
injection is carried approximately 10 cm
proximal to the lower esophageal sphincter.
06:35–06:43 Then, a needle knife is used to create a mucosal
defect and allow entry into the submucosa.
06:44–06:58 A dilation balloon is gently inserted into the
submucosa and dilated to 12 mm to initiate
the submucosal tunnel formation.
06:59–07:05 The endoscope ﬁtted with a clear cap is then
inserted into the submucosal tunnel.
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07:06–07:26 ESD technique is then used using the triangular
tip knife to extend the submucosal tunnel
through the LES and into the cardia. Here, you
can see the muscularis propria as a white layer.
07:27–07:38 Vessels are coagulated using a coagulation
grasper.
07:39–08:32 Here, the start of the myotomy is demonstrated.
Careful dissection is performed in order to
reach a plane of dissection between the
longitudinal ﬁbers, shown here and the circular
ﬁbers of the muscularis of the esophagus.
Once this plane is achieved dissection of the
circular layer is performed and carried into the
cardia. Here, dissection of the muscle of the
gastric cardia is performed. Peritoneal tissue is
seen at base of the dissection.
08:33–08:56 On withdrawal of the endoscope the cut edges
of muscle can be clearly seen. Here is the
extent of the myotomy and the endoscope is
withdrawn from the tunnel. The endoscope is
then inserted into the cardia to assess the
effect of the myotomy. Here, with a blue
discoloration, you can see the extent of the
tunnel down into the cardia.
08:57–09:03 The entry to the submucosal tunnel is sealed
with placement of endoclips.
09:04–09:55 We will now demonstrate the technique that we
currently favor, which utilizes the Hybrid knife
T-type for submucosal dissection and
myotomy. Tunnel initiation is performed by
injecting the submucosa through the tip of the
knife, performing a mucosal incision, and
beginning submucosal dissection. The Hybrid
knife allows injection of the submucosa and
immediate dissection as shown here, with
injection of the submucosa performed using
the tip of the knife.
09:56–10:05 After injection, dissection is continued, small
blood vessels are coagulated using the tip of
the knife and forced coagulation current.
10:06–10:16 For larger vessels, the technique of irrigation is
demonstrated here to precisely identify the
location of the bleed and proceed with
coagulation using the tip of the knife.
10:17–11:02 After completion of the submucosal tunnel, the
myotomy is begun 2 to 3 cm distal to the
opening of the submucosal tunnel and 6 to
7 cm proximal to the LES. As shown here,
initially, dry cut current or endocut current is
used to dissect the muscularis propria until
the proper dissection plane is found between
the longitudinal muscle layer and the circular
muscle layer. Once this plane is found,
dissection is continued using Endocut-Q or
Spray Coagulation current.
11:03–11:36 As shown here, the dissection is continued to
the cardia where the muscle is somewhat
thicker. Attention is being paid to dissect all
circular ﬁbers. It should be noted that the
longitudinal layer is very insubstantial and, as
shown here, it often splits, with defects
created within the longitudinal layer even
when the intent is to only cut the circular
layer. Preliminary data suggests that an
intentional complete myotomy of both layers
may result in lower LES pressures.
11:37–11:47 Here, the myotomy has been completed.
Closure of the tunnel is performed again with
Boston Scientiﬁc Resolution endoclips.
11:48–12:47 It should be emphasized that POEM is a
procedure that requires advanced therapeutic
endoscopy skills, including the ability to
decompress tense capnoperitoneum using a
Veress needle as shown here. Our preferred
position for insertion of the Veress needle in
patients that have not undergone prior
abdominal surgery is the right upper quadrant.
The Veress needle is connected through tubing
that is placed under water to conﬁrm escape of
gas. Positioning the patient in the supine
position allows the endoscopist to frequently
assess by palpation for tense capnoperitoneum.
Elevated airway pressure on the ventilator
serves as an alternate marker of tense
capnoperitoneum requiring decompression.
12:48–14:17 One of the challenges of POEM is to conﬁrm
tunnel extension through the
gastroesophageal (GE) junction and into the
cardia. The techniques used to ensure that
this extension has been achieved are listed
here: Depth of insertion as determined by the
centimeter marks on the endoscope;
resistance to endoscope insertion at the level
of the sphincter; the wider submucosal space
with large perforating vessels that is seen in
the cardia; blue discoloration of the cardia
mucosa that is seen on retroﬂexion of the
endoscope intraluminally (this is due to the
blue stain that is used for the submucosal
injection); the palisading vessels that mark the
GE junction from the luminal side are also
visible while in the submucosal tunnel,
spindle-like veins are seen in the submucosa
and muscularis at the level of the GE junction,
and ﬁnally, one or more bundles of
longitudinal muscle ﬁbers running in the
submucosa and inserting into the circular
layer of the muscularis propria are often seen
at the level of the GE junction. We will now
proceed to demonstrate the last four
indicators of the GE junction and cardia that
may be harder to appreciate by POEM
operators early in their experience.
14:18–14:43 This short video clip demonstrates the
palisading vessels. The endoscope is located
in the submucosal tunnel and mucosa can be
seen on the left of the endoscopic image. The
palisading vessels consist of long, thin,
slender vessels running along the long axis of
the esophagus. On the right side of the
endoscopic image, the completed myotomy
can be seen in this patient.
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14:44–14:50 Here, we demonstrate the enlarged spindle-like
veins that are often seen at the GE junction.
14:51–15:13 Another marker of the GE junction is these
bundles of aberrant longitudinal muscle ﬁbers
located in the submucosa and inserting into
the circular layer of the muscularis propria.
Such bundles located along the path of the
extension of the submucosal tunnel are cut, as
shown here.
15:14–15:29 Conﬁrmation of extension of the submucosal
tunnel to the cardia can be obtained if
inspection of the cardia with a retroﬂexed
endoscope reveals markedly raised mucosa
with blue discoloration, as shown here.
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